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BLOCKED POLYISOCYANATES
INCORPORATING PLANAR
ELECTRON-DEFICIENT
TETRACOBONYLBISIMIDE MOIETIES

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application relates to commonly assigned application
Ser. No. 11/453,407, now U.S. Pat. Pub. 2007/0292796, filed

simultaneously herewith and hereby incorporated by refer-
ence for all that 1t discloses.

FIELD OF THE INVENTION

This mvention relates to electrophotography. More par-
ticularly, it relates to blocked polyisocynates icorporating,
clectron-deficient tetracarbonylbisimide groups and to pho-
toconductive elements that contain an electrical charge bar-
rier layer having said blocked polyisocyanates.

BACKGROUND OF THE INVENTION

Photoconductive elements useful, for example, 1n electro-
photographic copiers and printers are composed of a conduct-
ing support having a photoconductive layer that 1s insulating
in the dark but becomes conductive upon exposure to actinic
radiation. To form 1mages, the surface of the element 1s elec-
trostatically and uniformly charged in the dark and then
exposed to a pattern of actinic radiation. In areas where the
photoconductive layer 1s irradiated, mobile charge carriers
are generated which migrate to the surface and dissipate the
surface charge. This leaves 1n non-1rradiated areas a charge
pattern known as a latent electrostatic image. The latent
image can be developed, either on the surface on which it 1s
formed or on another surface to which it 1s transferred, by
application of a liquid or dry developer contaiming finely
divided charged toner particles.

Photoconductive elements can comprise single or multiple
active layers. Those with multiple active layers (also called
multi-active elements) have at least one charge-generation
layer and at least one n-type or p-type charge-transport layer.
Under actinic radiation, the charge-generation layer gener-
ates mobile charge carriers and the charge-transport layer
facilitates migration of the charge carriers to the surface of the
clement, where they dissipate the uniform -electrostatic
charge and form the latent electrostatic 1mage.

Also useful 1n photoconductive elements are charge barrier
layers, which are formed between the conductive layer and
the charge generation layer to restrict undesired injection of
charge carriers from the conductive layer. Various polymers
are known for use 1n barrier layers of photoconductive ele-
ments. For example, Hung, U.S. Pat. No. 5,128,226 discloses
a photoconductor element having an n-type charge transport
layer and a barrier layer, the latter comprising a particular
vinyl copolymer. Steklenski, et al. U.S. Pat. No. 4,082,551,
refers to Trevoy U.S. Pat. No. 3,428,451, as disclosing a
two-layer system that includes cellulose nitrate as an electri-
cal barrier. Bugner et al. U.S. Pat. No. 5,681,677, discloses
photoconductive elements having a barrier layer comprising,
certain polyester 1onomers. Pavlisko et al, U.S. Pat. No.
4,971,873, discloses solvent-soluble polyimides as poly-
meric binders for photoconductor element layers, including,
charge transport layers and barrier layers.

Still further, a number of known barrier layer materials
function satistactorily only when coated in thin layers. As a
consequence, irregularities 1n the coating surface, such as
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bumps or skips, can alter the electric field across the surtace.
This 1n turn can cause 1rregularities in the quality of 1mages
produced with the photoconductive element. One such image
defect 1s caused by dielectric breakdowns due to film surface
irregularities and/or non-uniform thickness. This defect 1s
observed as toner density 1n areas where development should
not occur, also known as breakdown.

The known barrier layer materials have certain drawbacks,
especially when used with negatively charged elements hav-
ing p-type charge transport layers. Such elements are referred
to as p-type photoconductors. Thus, a negative surface charge
on the photoconductive element requires the barrier material
to provide a high-energy barrier to the injection of positive
charges (also known as holes) and to transport electrons under
an applied electric field. Many known barrier layer matenals
are not sulficiently resistant to the injection of positive
charges from the conductive support of the photoconductive
clement. Also, for many known barrier materials the mecha-
nism of charge transport 1s 1omic. This property allows for a
relatively thuck barrier layer for previously known barrier
materials, and provides acceptable electrical properties at
moderate to high relative humidity (RH) levels. Ambient
humidity affects the water content of the barrier material and,
hence, 1ts 10n1c charge transport mechanism. Thus, at low RH
levels the ability to transport charge in such materials
decreases and negatively impacts film electrical properties. A
need exists for charge barrier materials that transport charge
by electronic as well as 1onic mechanisms so that films are not
substantially affected by humidity changes.

Condensation polymers of polyester-co-imides, polyeste-
rionomer-co-imides, and polyamide-co-imides are all
addressed 1n:

1. Sorriero et al.

2. Sorriero et al.

1n
1n

U.S. Pat. No. 6,294,301.
U.S. Pat. No. 6,451,956.

3. Sorriero et al. 1n U.S. Pat. No. 6,593,046.

4. Sorriero et al. 1n U.S. Pat. No. 6,866,977

5. Molaire et al. in U.S. patent application Ser. No. 10/888,

172.

These polymers have as a repeating unit a planar, electron-
deficient, tetracarbonylbisimide group that 1s in the polymer
backbone. The polymers are either soluble in chlormated
solvents and chlorinated solvent-alcohol combinations, or
they contain salts to achieve solubility in polar solvents. In all
cases, care must be taken not to disrupt the layer with subse-
quent layers that are coated from solvents, as this may result
in swelling of the electron transport layer, mixing with the
layer, or dissolution of part or all of the polymer. Furthermore,
salts can make the layer subject to unwanted 10nic transport.

Japanese Kokar Tokkyo Koho 2003330209A to Canon
includes polymerizable naphthalene bisimides among a num-
ber of polymerizable electron transport molecules. Some of
the naphthalene bisimides contain acrylate functional groups,
epoxy groups, and hydroxyl groups. The monomers are poly-
merized after they are coated onto an electrically conductive
substrate. However this approach does not ensure the full
incorporation of all of the monomers. Some of the functional
groups would not react to form a film and could thus be
extracted during the deposition of subsequent layers. This
would result 1n a layer that was not the same composition as
deposited before polymerization. Further, 1t would allow for
the unwanted incorporation of the electron transport agent
into the upper layers of the photoreceptor by contamination of
the coating solutions. Thus the need remains for a well-char-
acterized electron transport polymer that can be coated and
crosslinked completely to produce a layer that will transport
clectrons between layers of a photoreceptor without contami-
nating subsequent layers.




US 7,579,127 B2

3

Japanese Kokai Tokkyo Koho 20033273587A to Canon
describes the synthesis of naphthalene bisimide acrylate
polymers. The polymers were coated from solution onto “alu-
minum Mylar” and irradiated with an electron beam to harden
the layer to form crack free films. Mobility measurements
were made. The need exists to form an insoluble film from a
polymer that can transport electrons and has active sites for
crosslinking that result in a film that can be overcoated with
subsequent layers to form a photoreceptor. The crosslinking
should be done either thermally or with UV light.

Photoconductive elements typically are multi-layered
structures wherein each layer, when 1t 1s coated or otherwise
formed on a substrate, needs to have structural integrity and
desirably a capacity to resist attack when a subsequent layer
1s coated on top of 1t or otherwise formed thereon. Such layers
are typically solvent coated using a solution with a desired
coating material dissolved or dispersed therein. This method
requires that each layer of the element, as such layer 1s
formed, should be capable of resisting attack by the coating
solvent employed 1n the next coating step. A need exists for a
negatively chargeable photoconductive element having a
p-type photoconductor, and including an electrical barrier
layer that can be coated from an aqueous or organic medium,
that has good resistance to the injection of positive charges,
can be sufficiently thick and uniform that minor surface
irregularities do not substantially alter the field strength, and
resists hole transport over a wide humidity range. Still further,
a need exists for photoconductive elements wherein the bar-
rier layer 1s substantially impervious to, or insoluble 1n, sol-
vents used for coating other layers, e.g., charge generation
layers, over the barrier layer.

Accordingly, a need exists for a negatively chargeable pho-
toconductive element having a p-type photoconductor, and
including an electrical barrier layer that can be coated from an
aqueous or organic medium, that has good resistance to the
injection ol positive charges, can be sufficiently thick and
uniform that minor surface irregularities do not substantially
alter the field strength, and resists hole transport over a wide
humidity range. Still further, a need exists for photoconduc-
tive elements wherein the barrier layer 1s substantially imper-
vious to, or msoluble 1n, solvents used for coating other
layers, e.g., charge generation layers, over the barrier layer.

In U.S. patent application Ser. No. 11/210,100, Molaire, et
al. and U.S. patent application Ser. No. 11/192,347, Ferrar, et
al. the use of bisimide polyols and malonate-blocked 1socy-
anate as crosslinkable matenials 1s disclosed. In these disclo-
sures polyols incorporating tetracarbonylbisimide moieties
are cross-linked with blocked polyisocyanates that are avail-
able commercially. We have however shown that the pre-
terred barrier layer polymers imncorporate a high concentra-
tion of the tetracarbonylbisimide moiety. Two drawbacks of
this approach are:

The polymers with the high concentration of the tetracar-
bonylbisimide tend to be less soluble in common solvent;

To maximize the tetracarbonylbisimide content of the for-
mulation, the hydroxy content of the polymer has to be mini-
mized to control the percentage of the non-functional blocked
1socyanate portion of the formulation.

PROBLEM TO BE SOLVED BY TH.
INVENTION

(Ll

A need exists for blocked poly-isocyanates incorporating
tetracarbonylbisimide moieties that are soluble 1n environ-
mentally ifriendly solvents for use in electrophotographic
applications, specially in negatively chargeable photocon-
ductive element having a p-type photoconductor, and includ-
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ing an electrical barrier layer that can be coated from an
aqueous or organic medium, that has good resistance to the
injection ol positive charges, can be sufliciently thick and
uniform that minor surface irregularities do not substantially
alter the field strength, and resists hole injection and transport
over a wide humidity range. That will make the hydroxyl
equivalent weight of the preformed tetracarbonylbisimide
polyol immatenal, because more functional tetracarbonylbi-
simide can be provided through the blocked polyisocyanate-
containing tetracarbonylbisimide moieties. Still further, a
need exists for photoconductive elements wherein the barrier
layer 1s substantially impervious to, or isoluble 1n, solvents
used for coating other layers, e.g., charge generation layers,
over the barrier layer.

SUMMARY OF THE INVENTION

The present mvention 1s a photoconductive element con-
taining an electrically conductive support, an electrical bar-
rier layer disposed over said electrically conductive support
and a charge generation layer capable of generating positive
charge carriers when exposed to actinic radiation disposed
over the barrier layer. The barrier layer 1s formed from a
blocked polyisocyanate containing tetracarbonylbisimide
groups.

The present invention also discloses a new composition of
a blocked polyisocyanate containing tetracarbonylbisimide
groups.

DETAILED DESCRIPTION OF THE INVENTION

The present invention relates to a photoconductive element
comprising an electrically conductive support, an electrical
barrier layer disposed over said electrically conductive sup-
port, and disposed over said barrier layer, a charge generation
layer capable of generating positive charge carriers when
exposed to actinic radiation, said barrier layer comprising
blocked polyisocyanates incorporating tetracarbonylbisim-
ide groups and to photoconductive elements that contain an
clectrical charge barrier layer comprised of said blocked
polyisocyanates incorporating tetracarbonylbisimide moi-
cties.

The novel blocked polyisocyanate containing tetracar-

boxylbisimide can prepared using the methods of U.S. Patent
Application 20020165335, or U.S. Pat. Nos. 4,518,522,

4,430,489, 5,574,124, from the reaction of a preformed tet-
racarbonylbisimide polyol with organic diisocyanates includ-
ing, ethylene diisocyanate, 1,4-tertamethylene dodecane
diisocyanate, cyclobutane-1,3 diisocyanate, hexamethylene
diisocyanate, toluene ditsocyanate and 1sophorone diisocyan-
ate etc. and derivatives thereof to make a 1socyanate multi-
substituted tetracarbonylbisimide. Additionally controlled
amount of tr1, tetra or higher functionality 1socyanates can be
added to mitiate branching of the blocked isocyanate for
optimizing crosslinking density of final coated layers. In a
second step the preformed polyisocyanates containing tetra-
carbonylbisimide 1s reacted with a blocking agent including
malonates (Diethyl malonate, DEM), ketoxime (MEKO),
3,5-dimethylpyrazole (DMP), e-caprolactam using the meth-
ods of U.S. Pat. Nos. 6,713,556, 5,232,988, 5,817,732,6,111,
048, 6,696,539

The novel blocked polyisocyanates containing tetracarbo-
nylbisimide can also prepared using the to monomeric glass

mixtures 1ncorporating tetracarbonylbisimide groups
described 1n Ser. No. 11/453.,407, now U.S. Pat. Pub. 2007/
0292796, filed simultaneously herewith, by the same proce-
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dure outlined above. The monomeric glass mixtures of Ser.
No. 11/453,407 ofter the additional advantage of enhanced
solubility and compatibility.

The preformed tetracarbonylbisimide polyols of this
invention are prepared according to the technique described
in Sorriero et al. in U.S. Pat. No. 5,266,429, the teachings of
which are incorporated herein by reference in their entirety.
The 1mide structures 1n the polyol-imides of the present
invention contain aromatic groups Ar' and optionally Ar?,
which can be tetravalent benzene, naphthalene, or perylene
nuclei.

Preferred 1mides are 1,2,4,5-benzenetetracarbonyl-dim-
ides

O O
i
/ \
\ /
C C
| |
O O

0 0
| |

C C
/ \
\ Q /

C C

| |

O O

and 3,4,9,10-perylenetetracarbonyl-dimides

I =\ |

$ S
_/ !/ \_

[ \ / |

O O

Especially preferred are naphthalenetetracarbonyl-dim-
ides and perylenetetracarbonyl-dimides. In addition to the

four carbonyl groups, Ar' and Ar” can contain other substitu-
ents such as alkyl, alkoxy, halo, and the like.

When L' and L* are O, the groups Z' and Z.” can be aro-
matic dicarbonyl groups such as 1sophthaloyl, terephthaloyl,
1,4-naphthalenedicarbonyl, and the like. The aromatic dicar-
bonyl groups can be further substituted with groups such as
alkyl, alkoxy, halo, and the like. Z' and Z* can also be ali-
phatic dicarbonyl groups such as succinoyl, adipoyl, sub-
eroyl, sebacoyl, and the like. The aliphatic groups can be
branched, as in octylsuccinoyl, 2,4-dimethylglutaroyl, 3,3-
dimethylglutaroyl, and the like. Dicarbonyl groups Z" and 7~
which are aromatic are preferred. Especially preferred are
1sophthaloyl, terephthaloyl, and 5-t-butyl-1sophthaloyl.

When L' and L* are O, Q is an alkylenedioxy group Q
having an aliphatic chain connecting the oxygen atoms, for
example, ethylenedioxy, 1,3-propylenedioxy, 1,6-hexylene-
dioxy, and the like. The group can be branched, such as
1.2-propylenedioxy, 1,2-butylenedioxy, and the like, or
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cyclic, as 1,4-cyclohexanedioxy and the like. The alkylene-
dioxy group Q can also contain an aromatic nucleus, for
example, 1,2-benzenedimethylenoxy and 1,3-benzenedim-
cthylenoxy, or olefinic or acetylenic unsaturation, or a diva-
lent O or S atom. Preferred alkylenedioxy groups are ethyl-
enedioxy and 1,2-propylenedioxy; ethylenedioxy 1s
especially preferred.

When L' and L? are C—0, the alkylenedioxy groups Z'
and Z° can be as described above for Q, and the dicarbonyl
group Q can be aromatic or aliphatic as described above for Z*
and Z~, aromatic dicarbonyl groups being preferred.

Alkylene groups R* and R” can have straight chains, for
example, ethylene, 1,3-propylene, 1,4-butylene, 1,5-penty-
lene, 1,8-octylene, and the like. The alkylene groups R' and
R~ can also be branched, such as 1,2-propylene, 1,2-butylene,
2-methyl-1,2-propylene, and the like, or cyclic, such as 1,4-
cyclohexylidene and the like. R' and R* can also contain an
aromatic nucleus, or olefinic or acetylenic unsaturation, or a
divalent O or S atom. In a preferred embodiment, R' and R*
are the same. In a more preferred embodiment, R* and R* are
both pentylene.

When the group Q contains a tetravalent aromatic group
Ar?, the alkylene groups R> and R* are as described above for
R"andR”.Inapreferred embodiment, R* and R* are the same.

In particular the aromatic tetracarbonylbisimide groups of
the formula:

O O
AL
1Y
O O
where
Ar 1s a tetravalent aromatic group having from 6 to 20

carbon atoms and may be the same or different. Representa-

tive groups include:
s
Q 4
\ J

-
\_/

T MK

O
NS XN
O
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-continued
where 7. =
Y o N NS
| 7\
F;C  CFs O O O

R', R?, R’, and R*=alkylene and may be the same or

different. Representative alkylene moieties include 1,3-pro-
pylene, 1,5-pentanediyl and 1,10-decanediyl.

R>=alkylene or arylene. Representative moieties include
1.,4-cyclohexylene, 1,2-propylene, 1.4-phenylene, 1,3-phe-
nylene, 5-t-butyl-1,3-phenylene, 2,6-naphthalene, vinylene,
1,1,3-trimethyl-3-(4-phenylene)-5-indanyl, 1,1 2-dode-
canediyl, and the like.

R°=alkylene such as ethylene, 2,2-dimethyl-1,3-propy-
lene, 1,2-propylene, 1,3-propylene, 1,4-butanediyl, 1,6-hex-
anediyl, 1,10-decanediyl, 1,4-cyclohexanedimethylene, 2,2'-
oxydiethylene, polyoxyethylene, tetraoxyethylene, and the
like,

or hydroxyl substituted alkylene such as 2-hydroxymethyl-
1,3-propanediyl, 2-hydroxymethyl-2-ethyl-1,3-propanedivl,
2,2-bis(thydroxymethyl)-1,3-propanediyl, and the like.

3,4,9,10-perylenetetracarboxylic-bisimides:

/

3Cd

and hexafluoroisopropylidene-2,2',3,3'-benzenetetracar-
boxylic-bisimides:

O Cr;  CFj3 O

\

4

Reacting either a mixture of bis-anhydride incorporating,
the tetravalent aromatic groups above with an amino-alcohol,
or a mixture of amino alcohols with a bis-anhydride, or react-
ing a mixture of amino-alcohols with a mixture of bis-any-
drides obtains the monomeric glass mixtures.

The more complex the mixture, the more difficult crystal-
lization, the more soluble the resulting material. On the other
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hand 1t 1s preferable to keep the mixture as simple as possible
to facilitate characterization, for quality control purpose. The
more unsymmetrical the amino-alcohols, the more soluble
the resulting glass mixtures. Examples of amino-alcohol
include 2-amino-2-methyl-propanol, 1-amino-2propanol,
2(2-Aminoethoxy) Ethanol, 2-amino-1-butanol, 5-amino-1-
pentanol, 4-aminophenol, 4-amino-m-cresol, ethanolamine,
propanolamine, 5-amino-1-pentanol.

The polyols incorporating tetravalent aromatic groups of
this invention can be made using the same reaction procedure
described in Sorriero et al. in U.S. Pat. No. 6,294,301, Sorri-
ero etal. in U.S. Pat. No. 6,451,956, Sorriero etal. in U.S. Pat.
No. 6,593,046, and Sorriero et al. in U.S. Pat. No. 6,866,977.

The invention provides for blocked polyisocyanates incor-
porating bisimide with tetravalent aromatic groups that are
casily soluble in environmentally friendly solvents, such as
alcohol, ketone, water or combination thereof. These blocked
polyisocyanates can be formulated into crosslinkable formu-
lation for electrophotographic applications. In particular,
these materials can be used to provide anegatively chargeable
photoconductive element having a p-type photoconductor,
and including an electrical barrier polymer that has good
resistance to the njection of positive charges, can be suifi-
ciently thick and uniform that minor surface irregularities do
not substantially alter the field strength, and resists hole trans-
port over a wide humidity range. The barrier polymer 1s
prepared from a blocked polyisocyanate having planar, elec-
tron-deficient, tetracarbonylbisimide groups and soluble in
environmentally friendly solvents. The barrier matenal 1s
rendered substantially impervious to, or insoluble 1n, solvents
used for coating other layers, e.g., charge generation layers,
over the barrier layer by using crosslinking reaction such as
urethane, epoxy, phenolic, and other crosslinking chemis-
tries.

EXAMPLES

Preparation 1

Monomeric Glass Mixture of
1,4,5,8-Naphtalenetetracarboxilic Dianhydride

A mixture of 1,4,5,8-naphthalenetetracarboxylic dianhy-
dride (80.37 g; 0.30 mole), 2-(2-aminoethoxy) ethanol (16.56

g:0.1575 mole), 1-amino-2-propanol (11.83 g; 0.1575 mole),
2-amino-1-butanol (14.04 g; 0.1575 mole), 2-amino-2-me-
thyl-1-propanol (14.04 g; 0.1575 mole) and 4-picoline (350
ml.) was refluxed for 4 hr, cooled to room temperature and
diluted with methanol (350 mL).

I'he mixture was very soluble, and very difficult to 1solate.
The picoline solvent was neutralized with concentrated
hydrochloric acid. An amorphous solid precipitated out. The
solid was collected, dissolved 1n dichloromethane and repre-
cipitated into 1sopar G., filtered and collected. The equation
described 1n M. F. Molaire and Roger Johnson 1n “Organic
Monomeric Glasses: A Novel Class of Materials,” Journal
Polymer Science, Part A, Polymer Chemistry, Vol. 27, 2569-
2592 (1989). Was used to calculate the expected composition

of the mixture.

N (7=2)={nV (2} (n-1)1}S1+1S?2

Number of expected compounds 1n the mixture=[4!/(2!(4-
2)S1+482

Since S1 and S2=1

Number of expected compounds in the mixture=6+4=10

The 1solated sample was submitted for HPLC analysis; the
tollowing compounds were 1dentified,
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Area
Compound MW Percent R1 R2

1 442 12.8 2-ethoxyethanol 2-ethoxyethanol

2 412 33.7 2-ethoxyethanol 2-propanol

3 382 28  2-propanol 2-propanol

4 396 0.4 2-propanol 1-butanol or
2-methyl--propanol

5 426 3.1 2-ethoxyethanol 1-butanol or
2-methyl--propanol

6 396 9.1 2-propanol 1-butanol or
2-methyl--propanol

7 410 410  1-butanol or 1-butanol or

2-methyl--propanol  2-methyl--propanol

The average molecular wt of the glass mixture was esti-
mated at 395.72. A hydroxyl equivalent wt of 276.5 was
estimated for the mixture.

Preparation 2

Preparation of Naphthalene Bisimide Terminated By
Isocyanate Groups

Toluene ditsocyanate (1TDI) type I obtained from Lyondell,
a mixture of 2,4 1somer (78.8%) and the 2,6 1somer (20.2%)
with a molecular weight o1 174.16 (hydroxyl equivalent wt of
87.08 (6.0 gram) was dissolved 1n 40 ml of ethyl acetate in a
three-neck round bottomed flask. The mixture was magneti-
cally stirred and brought to retflux (70 C). The monomeric
glass mixture ol preparationl (9.09 g; Av. MW: 395; hydroxyl
equivalent weight: 197.5) was dissolved 1n 90 g of Dioxolane
and added to the refluxing mixture over a period of one hour.
The mixture was further refluxed for three hours. The result-
ing solution was titrated for NCO content (1.35 meqg/g). With
the equivalent Wt ratio of starting TDI to starting bisimide
1dol monomeric mixture of 1.5 to 1.0, a theoretical concen-

tration of OCN was calculated at 1.47 meqg/g.

Preparation 3

Preparation of Dimetylpyrazole Blocked
Polyisocyanates Incorporating Two Bisimide Diols

1,4,5,8-naphtalene tetracarbonyl-bis (2-hydroxyethoxy-
cthyl) mmide, (formula weight: 442 g; hydroxy equivalent
weight: 221) 5.4 g and 1.4,5,8-naphtalenetetracarbonyl-bis
(5-hydroxypentyl) imide (formula weight: 438 g; hydroxy
equivalent weight: 219 g), 5.60 g were dispersed in 100 g of
1,1,2-trichloroethane at room temperature, n a 3-necked
round-bottomed flask, mounted with a condenser. The mix-
ture was magnetically stirred and 0.1 g of dibutyl tin dilaurate
catalyst added.

Toluene diisocyanate obtained from Lyondell chemistry as
an 1someric mixture (79.8% 2,4 1somer and 20.2 2.6 1somer,
formula weight: 174.16; 1socyanate equivalent weight: 87.08
g )3.27 g and 1sophorone diisocyanate {rom Rhodia (formula
welght: 222.28; 1socyanate equivalent weight: 111.14) 2.8 g
were dissolved 1n 50 g of 1,1,2-trichloroethane, 1n a dropping,
tunnel. The solution was slowly added to the stirred slurry 1in
the tlask over about 15 minutes. The equivalent ratio of the
material 1n the mixture was 1:1.5 diols:diisoscyanate.

The flask was heated near reflux. After about 15 to 20
minutes, the mixture was a complete deep amber solution.

The source of heat was removed. Once the temperature
reached room temperature, 2.4 g of dimethyl Pyrazole (for-
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mula weight: 96.13 g were added to the stirred amber solu-
tion. The stirring was continued overnight. The next morning,
a sample of the amber solution was dried at about 100° C. 1n
a Blue M oven. The amorphous sample was analyzed by DSC,
TGA, IR and GPC.

The TGA, and DSC suggest a deblocking temperature of
about 120° C. DSC shows a glass transition temperature of
24.6° C. before deblocking, and a Tg of 105.6° C. after
deblocking. The GPC shows a weight average molecular
weilght of 5,900, and a number average molecular weight of
1,630. The IR shows a trace amount of unblocked 1socyanate
group. The dark amber glassy material was also soluble 1n
dioxolane.

Preparation 4

Preparation of Dimetylpyrazole Blocked
Polyisocyanates Incorporating One Bisimide Diol

The procedure of example 1 was repeated, except that only
1,4,5,8-naphtalenetetracarbonyl-bis(5-hydroxypentyl) imide
was used alone, and mixed with the same mixture of 1socy-
anate, 1n the same equivalent weight ratio as example 1. The
mixture became an amber solution in the same timeframe as
example 1. However, the next morning the amber solution
solidifies looking as a solid gel mass. The flask was warmed
up. The matenal returned to a fluid amber solution. Upon
cooling again a solidified amber mass returned. A sample of
that gel looking material was dried and analyzed by DSC, and
TGA.

The TGA and DSC suggest a deblocking temperature of
about 120° C. DSC shows a glass transition temperature of
65.9° C. betore deblocking, and a Tg of 93.2° C. after
deblocking. The IR shows a trace amount of unblocked 1s0-
cyanate group. The dark amber solid was not soluble 1n D1ox-
olane.

The mvention has been described in detail with particular
reference to certain preferred embodiments thereof, but 1t will
be understood that variations and modifications can be
cifected within the spirit and scope of the mvention.

The invention claimed 1s:

1. A photoconductive element comprising an electrically
conductive support, an electrical barrier layer disposed over
said electrically conductive support, a charge generation
layer capable of generating positive charge carriers when
exposed to actinic radiation disposed over said barrier layer,
said barrier layer formed from a blocked polyisocyanate con-
taining tetracarbonylbisimide groups.

2. The photoconductive element of claim 1 wherein the
tetracarbonylbisimide groups comprise:

AA

1y

where

Ar 1s a tetravalent aromatic group having from 6 to 20
carbon atoms and may be the same or different.

3. The photoconductive element of claim 1 wherein the
blocked polyisocyanate 1s formed from the reaction of a pre-
formed tetratcabonylbisimide polyol with an organic 1socy-
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anate to form a polyisocyanate, and reaction of the polyiso-
cyanate with a blocking agent.

4. The photoconductive element of claim 3 wherein the
organic 1socyanate 1s selected from the group consisting of
cthylene diisocyanate, 1,4-tertamethylene dodecane diisocy-
anate, cyclobutane-1, 3 diisocyanate, hexatnethylene diiso-
cyanate, toluene diisocyanate, 1sophorone diisocyanate and
derivatives thereof.

5. The photoconductive element of claim 3 wherein the
blocking agent 1s selected from the group consisting of mal-
onates, ketoxime, 3,5-dimethylpyrazole and e-caprolactam.

6. The photoconductive element of claim 3 wherein the
preformed tetratcabonylbisimide polyol comprises an imide
selected from the group consisting of 1,2,4,5-benzenetetra-
carbonyl-dimides,

O O
i
/ \
\ /
C C
| |
O O

O O
/7 \_!
/ e \
\C C/
I N\ /7 |
O O

and 3,4,9,10-perylenetetracarbonyl-dimides

| _/ 1?\N o

C
/

—N
\

— )X )

O O

7. A composition comprising a blocked polyisocyanate
containing tetracarbonylbisimide groups.

8. The composition of claim 7 wherein the tetracarbonyl-
bisimide groups comprise:

CAA

Y

where

Ar 1s a tetravalent aromatic group having from 6 to 20
carbon atoms and may be the same or different.

9. The composition of claim 7 wherein the blocked poly-
1socyanate 1s formed from the reaction of a preformed tetrat-
cabonylbisimide polyol with an organic 1socyanate to form a
polyisocyanate, and reaction of the polyisocyanate with a
blocking agent.

10. The composition of claim 9 wherein the organic 1socy-
anate 1s selected from the group consisting of ethylene diiso-
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cyanate, 1,4-tertamethylene dodecane diisocyanate, cyclobu-
tane-1, 3 diisocyanate, hexamethylene diisocyanate, toluene

diisocyanate, 1sophorone diisocyanate and derivatives
thereof.

11. The composition of claim 9 wherein the blocking agent
1s selected from the group consisting ol malonates, ketoxime,
3,5-dimethylpyrazole and e-caprolactam.

12. The composition of claim 9 wherein the preformed
tetratcabonylbisimide polyol comprises an 1mide selected
from the group consisting of 1,2,4,5-benzenetetracarbonyl-
dimides,

O O
| |
C C
/ \
\ /
C C
| |
O O

O O
[ [
( C
/ \
\C C/
N\ /]
9 O

13. A blocked polyisocyanate containing tetracarbonylbi-
simide groups.

14. The blocked polyisocyanate of claim 13 wherein the
tetracarbonylbisimide groups comprise:

AL

Y

where

Ar 1s a tetravalent aromatic group having from 6 to 20
carbon atoms and may be the same or different.

15. The blocked polyisocyanate of claim 13 wherein the
blocked polyisocyanate 1s formed from the reaction of a pre-
formed tetratcabonylbisintde polyol with an organic 1socyan-
ate to form a polyisocyanate, and reaction of the polyisocy-
anate with a blocking agent.
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16. The blocked polyisocyanate of claim 15 wherein the 1,4,5,8-naphthalenetetracarbonyl-dimides

organic 1socyanate 1s selected from the group consisting of
cthylene duisocyanate, 1,4-tertamethylene dodecane diisocy-

anate, cyclobutane-1, 3 diisocyanate, hexamethylene dilso- C‘) / \ (‘j
cyanate, toluene diisocyanate, 1sophorone diisocyanate and ° C C
derivatives thereof. —N/ — \N—
17. The blocked polyisocyanate of claim 15 wherein the \ /
: , p C C
blocking agent 1s selected from the group consisting of mal- [ \ / I
onates, ketoxime, 3,5-dimethylpyrazole and e-caprolactam. 1¢ O O

18. The blocked polyisocyanate of claim 15 wherein the
preformed tetratcabonylbisimide polyol comprises an imide and 3,4,9,10-perylenetetracarbonyl-dimides
selected from the group consisting of 1,2,4,5-benzenetetra-
carbonyl-dimides, 1

5 (‘i‘i — ﬁ
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_N\ N— 20 | \ / \\ / (‘:l)

O

O
O

P
®

®
®
N

O
O



UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENT NO. : 7,579,127 B2 Page 1 of 2
APPLICATION NO. : 11/453355

DATED . August 25, 2009

INVENTOR(S) . Molaire

It is certified that error appears in the above-identified patent and that said Letters Patent Is
hereby corrected as shown below:

Cover Page (54) Title, delete “TETRACOBONYLBISIMIDE” and
insert -- TETRACARBONYLBISIMIDE --.

Column 1, line 4, delete “TETRACOBONYLBISIMIDE” and
mmsert -- TETRACARBONYLBISIMIDE --.

Column 10, line 67, Claim 3, delete “tetratcabonylbisimide™ and
Insert -- tetracarbonylbisimide --.

Column 11, line 5, Claim 4, delete “1,4-tertamethylene™ and
insert -- 1,4-tetramethylene --.

Column 11, line 6, Claim 4, delete “hexatnethylene™ and insert -- hexamethylene --.

Column 11, line 13, Claim 6, delete “tetratcabonylbisimide™ and
Insert -- tetracarbonylbisimide --.

Column 12, Iine 1, Claim 10, delete “1,4-tertamethylene” and insert
-- 1,4-tetramethylene --.

Column 12, line 65, Claim 15, delete “tetratcabonylbisintde” and
Isert -- tetracarbonylbisimide --.

Column 13, line 3, Claim 16, delete “1,4-tertamethylene™ and
insert -- 1,4-tetramethylene --.

Column 13, lines 4 and 5, Claim 16, delete “dilsocyanate™ and insert -- diisocyanate --.
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Column 13, line 12, Claim 18, delete “tetratcabonylbisimide™ and
Insert -- tetracarbonylbisimide --.
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